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AB^TEAGT 



The widespread use of handwheels in industry for 
the primary eoatrol of a wide variety of maohino tools makes 
the proper desiga of these wheels a matter of importance. 
This experlsefit, designed to provide basic useful data in 
connection with this prohles, waa perfonaod in the Motion 
and Tim® ^tudy Laboratory at Furdue yaivwcsity. 

Five handwheels rangifi^ in diameter from four to 
fourteen inclies were used by eight operators to overcome 
seven frictional torques rangii^ from three to sixty inch- 
pounds • Th® torqties were applied by of a prony brake. 

The rat® of oxygen consumption by the operators was measured 
by a 3anborn SI3 Meteboliam Tester, and then® j®iea3:jresiBnts 
wer® used as tiie basic data from which the conelusiojsis of 
the experiment ware formulated. 

Analysis of th@ data indicated that, within the 
liislts of the ranges of the handwheel sixes and friotioaal 
torques used, th® rate of human energy ©xpauditure decreaaea 
with iacrsassd diameter at the Imndwheels • 

The statistical analysis of U'ie data indicated 
that the use of the Uanborti II3 rotabolisH Tester is a 
satisfactory laethod for metsuriog huiaen energy expenditure 
at relatively high levels. 
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Tsm EFFECT OF DIAMSTSa 0:i TUS 
EFFOin:' to bctatm 

TIJED AS 
CjlAJ^KS 

i£rraoDucTio:i 

Tha proper design of any asohanical doTioaa vhioh 
are to be uaed asanxially auat of necessity include considera- 
tion of asnny physical factors, so»e of th« laoro iiGpoi»t»nt 
being size, 'weight, handle type and relatiiro positioning 
with respect to the operator. The speoifl cation of the 
ultlaete phyeioal diiaenaioEss ^ich the finished device will 
have is for the scet part directly related to tiie use to 
which the device will bs put* llhe criteria for sRicoossful 
perfonaanoo are varied, and the extent to 'lijlch the design 
is considered successful depends on itiich criterion or 
coiabination of criteria the designer feels is the cLOst im- 
portant to optimize* A brief list of soze of the more 
important aritoria would include cost, speed cf operation, 
ease of operation, accuracy of operation, safety of operation, 
consiateacy of operation, force delivered, power delivered, 
etc* The ease of operation or effort required by the 
operator to rotate handwheels under various cofiditions of 
torque loading will te the main concern of tlds thesis. 

Consideration of the varioue physical factors lavolved la 
the design of handwheels will fee limited solely to consid- 
eration of the proper diameter. To attempt to consider all 
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the factors would be outside the scope of one toiesia. 

In the pastt little consideration hes been civen 
to the proper dimensioning cf handadseels in spite of their 
widespread application on most types of iriROhine tools. In 
jsany inst:ances the itandwheels used injro been much too small 
to effectively overcome the torques applied end in ii^ny 
oases the wheels have been unneceasarily large. Little in-' 
forwatlon is available ea to proper handwheel diaaeters 
from the standpoint of energy expenditure oa the part of 
the operator. The n»ln reason for this has been the lech 
(until recent years) of a suitable method of iceasuriiss the 
aacunt of energy a person expend® while perforislng a given 
task, Measurensnt of the work done in foot pounds does 
not give the answer, since moh depends upon the manner in 
which the work is perforaed, the conditions under which it 
is perforasd, and the oharaoteristioo of the operator per- 
forming the work, A person may hiriseif work extreaely herd 
and yet acoompliah « twlatively sjtiail araount cf work as 
measured oa the output end. 

The reduction of the effort required by an opera- 
tor to popfona a given task is of prise concern tc both 
labor and Eanagciaent, since such reductions ^re reflected 
in lower costs and higher quantity of production* This 
becomes especially important when highly repetitive ^obe 
are considered, A meohine tool operator, tending several 
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raachlaea Bimuitan«ously, usariipulataa t&is machln® ooritrols 
many tisaa in the eourae of a aomal working: Decrease 

i£i@ the operator** en&i^y expenditure i» aJUtoet certain to 
increase his effeotivenesa. 

A« hae bees pointed out pre?ioualy in tliie thesis, 
few jsethoda ar© otailable for the absolute imasureaent of 
husyin. energy expenditure, iloweror, the iseaaure.csent of body 
roetabolisja as a maoure of husK-an energy expenditure has been 
used with success in seTorai pretious InTeetlgations at 
I-urdue University* filleo establisised the fact that a 
atandard aisdlcal motabolisas tester will successfully dic- 
oriisinate between saolX changes in huaan energy output^. 

The iJanborn MIJ l^etabolisa Tester was used in tUs experi- 
aent to determine differences in energy req^iir«amt» with 
respect to the diaiaetsr of several handwheels* 



1. TltLSJ, wlTMiUa, «An Investigation the ^'uitability 
of the Janborn US ^^etaboliaoj. I’eater to 9®slc ’"lotion 
study &p«riisontat ion” , Master of .ioience thesis, 
lurdue ttelvcrslty, Lafayette, Indiana, 1C49. 
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m'SaiSfjeiTAl. PaCCEDlB-K 
Doaig«i of *Mit.hod aad Apparatus 

Txxryone 

The prisiar> purposs of tlds eacparinent is t^sia 
dstaiminatioa of the optim\i£ dlaxetar l»ndwh««l for s given 
torque load applied tc a ahaft, v?iion tU® iiaadwheal ie used 
BS a crank, *Si« secondary purpose ia to deteriaine the 
naxirsuai torque itilch an operator say reasonably be expected 
to ovcrCQcae with a given dlaacter handwheel. The tertiary 
purpose is to obtain inforsaatloa about tbe o&nbcrn kata- 
bolisffi Tester «£\ioh R.ay be of veins to other iaveetigators 
in the field of basic motion study, and to prove its 
reliability for use in connection with t:i» iseasureaent of 
relatively high level energy cKjendltare • 

Method 

In order to facilitate the analysis of the data, 
as neny conditions ware hold const uit as was feasible. The 
height of the n^rk area (i.e., the center of ttie prony brake 
shaft) was iieM constant at forty-four inches froi. the floor, 
l*he plaiie of the handwheels was held conat»nt at 0 degrees 
angle of inclination with the vertical, Ihe ambient t«apera- 
ture was held constant at twenty-eight degrees Centigrade and 
the pace at the operator worked was controlled as 

closely as possible to forty RIM, 

Five handwheels at seven torque loads were 
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invasstig^tad bo that, eao^x oporator laad t total of tairty-fiva 
tasks to parfors. Doubtless t, e results of t..;« ozperlnrsnt 
would have been of ricre ^salu® had It been possible to Inves- 
t%ata s greater nueber of heMwheols and a wider rajjso of 
torques* Further, it was ifelt that the use of a larger 
number of subjeots would have Imraasod the reliability of 
the findings* Howevor, bo tit the number of operators and 
the number of oondltions Investigatod wore seirorely limited 
by the time reqtiired for gathering and prooessin,?. the data. 

There was no method available for determining the 
length of tiaa that would be required for the phyeiolosical 
recovery for each operator from a test run. however, a pilot 
test run indicated that undue fatigue would not occur within 
the two hour time allotted for each 6i*o«P of test runs, fur- 
ther, it was felt that since fee experiment was designed as 
much as possible to coincide with conditions in industry 
where an op&Tntov works for much longer periods of time, any 
fatigue occtjrring would not Jiave excessively adverse effocta 
on the results. Oehl found that an operator performing a 
simple task could be ez^jected to work for appro xlmately one 

St 

hour beftu’e appreoieble fatigue occurred . the total working 
time for en operator durii^ each two hour eesaloa was approx- 
imately thirty-six minutes. 

£. B2iL, JCSiii, ‘‘Deterainaiioh of the i^ffsot of ■ erfcmlKg a 
Oliaoie Task Over a 'i-'rolongtd Period on the kete of ji.norgy 
Expenditure”, I-hster of ^lenoe Thesis, *ardue University, 
Lafayette, Indiona. 
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Th« effects of learn icsg and operator sicill were 
minisiized as OjCh «s possltle by completely randoisizln^ 
the order in s£ilcb eac!v operator was presented with the 
different eonditions of l^sndwheels end torgiais* Tills iiad 
the desirable effect of eliainctlng any sequence effects 
which adght creep in if a eat pattern were dCTelopcd, Th® 
following tables indicate the order in which the tasks 
were presented to each operator* 

HOTS: In the tables which Itollow, oaoh task is 

designated by two numbers separated by a 
dash* The first number indicates the hand- 
wheel diameter in inches* The seemd number 
indicates the applied torque in inch-pounds. 
Thus, for exempio, the number 5-40 indicates 
the 5-lach headwheel with 40 inch-pounds of 



applied torque 
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Table 1 

Operator Charactorlstics 



Operator 
Vfilliaai Terbo 
ileus Coster 
Joseph SPestoiry 
Iierbert JTloiisawi 
John Crosse 
i:lmo Lindquist 
U&win Adelborg 
Lakon l^efeuta 



Age 


height 


B£ 


6»2»^ 


28 


5* 9-1/4** 


23 


3»10-l/2** 


31 


5*11-1/4'* 


e& 


s*o** 


39 


5*10** 


23 


6*3” 


24 





eight 


Eationallt;? 


160 


American 


176 


Dutch 


165 


Asaricaii 


185 


American 


165 


British 


175 


American 


195 


American 


190 


’Orwegian 
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Tabl® 2 

vJequenc® of Task i rosestitlon to Cporatora 
{l«vuBtbars arithin tho tabl« ars tasks) 



Operator: 



Date: 



Operator: 



Date: 





H.£^T0iiy 






cooTia 




18 


19 


23 


17 


£0 


24 




Har,t. 


ksr. 




Her, 


Hot, 


10-60 


10-10 


4-6C 


7-60 


14-30 


7-20 


7-3 


10-30 


10-40 


7-10 


5-3 


4-50 


7-40 


14-10 


7-10 


5-50 


4-40 


10-5 


5-10 


10-50 


10-20 


4-10 


14-10 


10-60 


14-20 


10-3 


14-3 


14-40 


14-3 


5-10 


5-SO 


7-50 


5-3 


5-60 


4-30 


10-20 


14-60 


O-60 


14-50 


10-50 


4-50 


4-30 


4-10 


7-60 


14-40 


7-30 


14-60 


10-10 


5-30 


4-SO 


14-30 


14-20 


10-40 


10-30 


4—3 


S-40 


4-30 


4-60 


5-40 


S-30 


4-20 


7-30 


4-40 


14-SO 


7-3 


4-EO 


5-£0 


7-20 




7-40 


5-20 






TIHBO 










15 


16 


17 


3 


5 


6 


Hart 


Mar, 


Har, 


Apr, 




Apr, 


5-SO 


4—60 


4-30 


4-30 


10-10 


4-60 


4-20 


7-30 


14-20 


5-3 


4-10 


4-3 


14-10 


10-20 


14-60 


4-40 


5—40 


10-30 


7-40 


10-60 


5-30 


14-50 


10-40 


7-20 


7-60 


14-3 


5-60 


S-2Q 


14-30 


7-30 


10-3 


7-10 


14-40 


10-50 


7-3 


10-3 


7-20 


4-10 


10-10 


5-30 


5-10 


7-60 


7-30 


7-3 


10-50 


14-40 


7-10 


7-40 


10-30 


13-30 


5-20 


5-30 


14-3 


14-10 


4-30 


10-40 


14-50 


14-60 


10-60 


4-20 




5-40 


4-40 


14-20 


10-20 


5-50 




4-10 


4-50 


4-30 


7-50 





5-3 
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Table B (Continued) 

^'lueiKse of T&3X ireseutation to i^peratoro 
(<*umb«r» within the table are taaira) 



Operator; 


Guorm 




LirDllJI..-T 


Date : 1 


2 


4 


7 


8 


9 




Apr. 


M£a. 


AE£s. 


Apr. 


Apr. 


4-3 


4-10 


4-20 


10-10 


7-40 


4-20 


14-00 


7-50 


lO-SO 


7-3 


14-50 


5-30 


4-eo 


4—30 


10-30 


5-40 


4-60 


10-30 


14-30 


4-00 


5-50 


10-40 


14-EO 


10-10 


5-10 


14-10 


7-30 


14-eo 


7-30 


4-3 


14-40 


5-40 


4-40 


7-50 


lO-SO 


lO-SO 


5-30 


10-10 


10-3 


4-3 


5-60 


4-10 


7-40 


10-£0 


7-30 


14-3 


14-40 


10-50 


4-50 


10-40 


14-3 


5-20 


4-10 


10-3 


10-50 


5-ao 


7-20 


4-40 


5-30 


4-50 


5-3 


7-3 


14-50 


S-3 


7-10 


7-EO 


14-BO 




7-10 


14-30 


7-50 





Operator; 


HITFJim 










Date: 3 


10 


11 


29 


9 


10 


Apr. 


Apr* 


Apr. 


r.ar. 


• Apr. 


Apr. 


4-EO 


7-3 


14-50 


14-3 


5-20 


4-3 


10-30 


5-40 


4-SO 


10-30 


4-30 


4-50 


5-30 


14-60 


14-20 


10-3 


7-50 


14-50 


10-10 


7-60 


10-50 


7-30 


5-00 


14-30 


4-3 


4-30 


5-SO 


5-50 


10-20 


6-10 


10-20 


14-3 


5-50 


7-20 


4-10 


14-40 


5-10 


14-10 


14-40 


7-60 


14-10 


5-30 


10-60 


4-40 


4-10 


7-10 


5-40 


7-40 


4-50 


5-3 


5-50 


10-60 


10-40 


10-60 


7-20 


14-30 


7-10 


4-20 


7-3 


4-50 


10-3 


10-40 


7-60 


4-40 


10-10 


5-3 


6-20 


7-40 


7-30 


14-50 




14-20 
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Task 

Tho ta3k« used ccnsistsd of cranking a larndwtiecl 
aounted on the shaft of a prony hraks* The apoed used for 
all tasks ^as 40 Km# The operator cranked from the standing 
position at a coiefortable distance fron the apparatus as 
filiown in figure 2. The distance froa the apparatus at which 
the operator stood was left to the discretion of the operator. 
The operator cranked with uia right hand and steadied hissself 
by holding onto tiie left vertical upright of the prony broke 
with his left hand. Upon receipt of & verbal signal the 
op^ator began cranking and continued for tiireo ninutoe, 
laaklng one revolution, for each twrj beats of a metroncEie set 
to oscillate at 30 boats per minute. The operator stopped 
cranking upon a second verbal signal, Upon coapletlon of the 
task, the operator rested in a clsair 35br five minutes while 
the handwheel and the torque ware being changed for the next 
test run. 

Sach operator was ^ven a total of thirty-five tasks, 
perforised over a i^erlod of three separate days. These tasks 
covered every possible o or bination of handwheels md torque*. 
Thorson found that there aro no significant difforeaoea in 
oxygen consumption rates between identical te,sk® performed on 
different days^. Frojs this it aay be logically caacluded that 

3. Thorson, ?. J. , *’A Ijetabollo Investigation of 0ns-*^ded 
Versus ^fwo-Iiended *tork”, ^stor of Joienoe Thesis, lurdue 
University, Lafayette, Indiana, August, 19S1. 
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th« dlfferenods toet^sen unlike tsska p»rfom»d on different 
d«ys sliould be oonstaxit. Tbis oonatitutss the juatifioatica 
for sproadiiig the o^rer three aeparate days. 

Teat irooeduxe 

The teate were run in t^e lEetabollc room of the 
iaotloa end Tirae utudy Laboratory at ^urdue T;nlv«raity, It 
was .possible to bar this room from all pexsoas with the 
exception of th® oj^rator ind the writer. This was done in 
order to reduce the effect of randoa outside influences on 
the operator, 

iTior to the first test run, each operator was 
eoaplotely briefed on fciie purpose of th© experiment, the 
funotion of the prony brake, the function of the Bstabollsja 
tester and function of the isetronome. Every precaution 
was taken to alleviate the nervousness ixiduoed by the mete- 
bolisffl tester, Followtog the brief ins, operator was 

given a trial test run in order to insure the corplete under- 
standing of the test procedure. All teats on all operators 
were govemod by the followiiig basic time sehedtile which was 
begun upon the arrival of the operator ft>r ttte experiment. 
Elapsed 

.^ep Tim Tire Action 

1 0-15 15 ain. Operator rested on cot. Just prior 

to the end of 15 minute period, the 
operator took a standing position 
facing the test apparatus. The uose 
oiaap was adjusted and the rubber 
hoae mouth piece was Inserted in, th© 
operator’s nsouth. 
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•Iftpsdd 

■-.tep Tlirag Tinia Action 

2 15-17 2 lain. TA* operator stood quietly brcatlxiiig 

anbiaiit air tiirougb tiie Ketaboliam 
tester. 



5 17-21 4 min. 



4 El -23 4 c.in. 



5 2S-26 1 r*in. 

© 2«-£7 1 Ms. 



7 27-29 2 min* 



a SS-34 6 jsln. 



The oxygen ttas turned on wit boat the 
operator* « itnow ledge and the operator 
began to breath© pure oxygen* 'This 
step constituted tie basal or no work 
run. At the eonelusion of this rmi, 
the operator was c3i sasasitblad from 
the isetabolic oqulpisant and seated in 
a chair. 

Operator rested quietly in chair* Just 
prior to the end of tii© 4 minute r©st 
period, the operetor again took his 
position in front of the w?rk area and 
was assembled to the aetabollo equip- 
mehb as in step 1 above* 

Operator stood quietly breathir^ am- 
bient air through the jsetabolator* 

Operator began cranking the hand- 
wheel in tiise with the metronome vdille 
breathing mbient air througJi the 
metabolator, T>iis constituted the 
wam-up period, 

’without tiie knowledge of the operator, 
the oxygen was turned on and the op- 
erator began breathing pure oxygen 
while cojitlnuing to crank in tis^ vdth 
the metronome. At the conclusion of 
the two ffiiaute work period, the equip- 
ment was turned off and the operator 
disassembled from tlie aypparatus and 
seated in the diair to rest. 

The operator rested in chair for five 
minutes while tii© handwheel said tor- 
que were being c^ianged* 
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L*tops 5 though Q abOYO, constituted a eociplete 
•• ork-rest cycle of 9 oinutos, of wiiich 3 »inutes were spent 
worlclng and S rainutes were spent resting. This vsorlt-rest 
cycle was repeated 1<^ times ^br each session in the lab. 
Following the oo^upletion of the final work-rest cycle, a 
second St rest basal teat was run. Laoh complete seasion 
took about two hours end twenty minutes to coaplete and re- 
sulted in two banal tests end twelve working teats. 

The selection of one xainute for a warm-up period 
was based on the research of 3ehl, who showed that for a 
simple task, energy expenditure rises rapidly during t!t« 

first minute of parforBscnce snd does not o Image signlfi- 

4 

cantly for the next 64 minutes « 

Fquipceat 

1. The .Sanborn SI3 Vetabolism Tester, shown in Figure 

3, had the following essential elesasnta; 

a. A syneliroaous motor which rotated the saetal cylin- 
der upon which the wax data chart was mounted. 

b. A spirosietor boll which contained pur® oxygen to 
be consumed by the operator. 

c. A Hiatal pointer vhlch inscribed the j^veemnt of 
the spirometer bell upon the wax chart. 

4. ’’Deteraination of the Effect ierformine a 
oimpie Tas.i Over a trolor^ged /ariod on the Rate of lnerr;y 
Fxpanditure’’ , ftisstor of Science Thesis, I urduo tTnirersity, 
lAfayette, Indiana, 1950. 



il 



|*in«#«4«f •!*'* ••#'■014: f #1^ w 

M dA KCM «wJe U i»<« 0 fP 0 

^ ? • !•::)() ftlB %« 9AP^t 

^ .C0^ ■#• f**/ i»iia tt:9%. #• 

•<r ^444 * 4 4i«#imir< m%ii^>i vft sit-in 

liiaii\«ar «rtai«fl 6a« •#■•# i4>fli4l <?4 tJ ^^liiMi 

l^«««4- • ’w^t •O'O^ <Br ^ •i/I 

# «^# ti^ft%.» ttd* ^Utm B£^t09i«t ^ im i mp 

9^ ttSi^0%. M*1P fl^PO •Xfsip 

ffFvii** ppQ* #%•#• ''jcI ^4^ #•%!) 

.\»#wttp #i <!•«& tlr»4o 

muatt 

h1 ov^o.-# 1 *;;^ PC* *i 

- *#•£# uii|J> i«fii>40l£A*: %M «S 

/. ^orr.^, # »• 

t%mAd L%mt tm ^L. *9Lm t «a# 

f# ^M^xm WN :iP4UA X9mmr%ii$ * •# 

.*ialas>io <«i» t** 

Is Cn^ lrt4|<3Sfr«J 44 U 1 (##«» M ,% 

,t%mnm '*iv gi^ n ii«# •»# 

» ••# »• ^ ‘3s , *i 

>*^^..4 1 i ##44 ■wS 4 ^ %Mw* t«y»-<«tf • ^trrw .4 »a 

,«)4i«4#r4«4 «44* t4 MV* :• *» "Uid^tdt 

.f-iM «»r.»|fkiij 



14 



d* A tv/o-'wajr valve, whose fuactioa was tho eelectlon 
of either pure oxyjen or aunbient air for the oper- 
ator’s ooKsuasption. 

e. A aetabolliae eontalcar, located Inside the epir- 
oaeter boll liousinj^, had the function of filtering 
out the waste products of respiration, namely 
carbon dioxide md water vapor. 

f. ikose clomp and rubber muth piece whose function 
was the elimination of t'« poaslbilit/ of embioat . 
eir entering the closed eystara foriasd by the 
operator and hie aetabolisri t ester. 

2. The required frictional torques were obtained by 
means of prony brake especially designed for this experiment, 
and containing the following essential features; (.lee Figure 4) 

a. A wooden fraoe constructed of 2" x 4" planks, 47 
inches lii^ by £0 indies wide. 

b. A oears etid iioebuok Co. ’’Craftsasn” 3/4 inch steel 
shaft and bearing mounts. 

c. A maple wood wheel 3 inches thick with a radiue 
of 2.673 Inciies. This wheel was mounted upon the 
steel aiiaft by neans of two fi&ngcs cotitalniug 
1/4 inch set screws. 

d. Two Chant illon epring baianoec of 100 pound c spa- 
city, whose function was the rapid Indie otion of 
the required frictional torque. 
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e* Two aluKinuts t’jrnbucKles wioso function was the 
rapid adjustrssnt of tho raquirsd frictional 
torque, 

f, Cae ny loxi belt, 1-3/4 inches wide by £4 inches 
Ions, which, in conjunction with tho polished 
wooden viioel, foriied the friction elec.«at of the 
prony brake, A calibration cunre for the prony 
brake appears in Appendix A, 

3, The five cast iron handwheels ^ ich \'/«ro inveatigated 
(Joe Figure 5) were standard inAistrial handwheels, and had 
the following ohareotoriotics: 
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Oalctilationa 

Th© basic data upon wnich th& conclusions of this 
sxpsriwent were ft^raiulated were dori-sed frost the wax chart* 
of the aetaoollsra taster, U^e wax charts vara wrapped aroiaid 
the metal cylinder v>hlch was driven di constant speed by the 
synchronous motor. Ths abscissa of the charts were the 
raeaaurs of elapsed tim* Jb the operator irxhaled, pure oxy- 
gen was breathed in from the spiroiseter bell causing the 
spirometer boll to fall, ^ the oprcrator exlialed, the 
spirometer bell rose, This alternate rising and falling of 
the bell produced the peaked line on the wax chart. As each 
exhalation of Uie operator passed into the spirometer bell, 
the products of respiration ware filtered out by the meta- 
bollae. Thus the splror.eter bell r<^e to successively lower 
positions following each exhalation. This wia indicated on 
the wax chart by successively lower peaks md was a measure 
of th© rate at vMch the oxygen was being removed fros the 
spirometer bell, and consequently a measure of th« a»te of 
oxygen consumption or energy expenditure by the operator, 

had the opcr?itor coneuECd oxygen at on absolutely 
const ent rate, a straight line ooild lieve been passed throu^i 
the successive peaks of th© saw toothed graph, on the chart. 
The slope of tils line would aeasurc the rate of oxygen 
oonaunption in cubic centinatora per minute, ..owever, due to 
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difference in voluTifi of ttie operator's successlTe breaths, 

the r\,fiplratory cycle was not constaiit and the peaka did not 

\ 

fall into a straight lias. It waa therefore neceaij.ry to oake 
the best possible approjcimtioa to a straight line by the 
aethod of least sc|uares* A sample oaioulatlon of this method 
is shown In Appendix A, along with the steps iiecesoary to 
convert the slope mine to cubic centitaetero of oxygen per 
minute. For ths purpose of this thesis, it was r.<3t nacessery 
to calculate the actual oxygen volume consumption since analy- 
sis of the elopes directly gave the reqttAirod comparative 
inforr.atlon, la this connection, 4ood has shown that correo- 
tions for temperature and pressuiw vsovild be too srall to have 

appreciable effect on the results, and therefore these 

5 

corrections were not mde « The raw data for t;iis thesis 
ere depositai in the Motion and Time laboratory at i urdue 
University, 



6, aOOD, J. F, , ”ThQ Uateralnation by Sfoans of l«'etabolio 
iieasurocients of tiie Tims Allowances to be Included 
Aithin jitandard tiatee for Jobs . artlally Controlled 
by i^achincs” , Faster ot iJoleno© Thesis, xurdue Uni- 
versity, Lafayette, Indiana, 1951, 
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fable 3a « 
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.337 


.392 


.336 


.400 


.495 


.453 


• 431 


.390 


.362 


.422 


.340 


,407 


• 443 


.643 


.616 


^435 




.535 


.418 


.439 


.442 


£.047 


£.107 


£.088 



i# 



.«e *iji^ 

d*aJ 4 « vriF?!^ 



^i-iiA 41 




^^Li. 


^11 t 




IC^. 


. 


41»« 


k4». 


ru-v 




r4k. 




.«x^ . 


4 




H< . 


w.. 






** 


1^ 




^ * -m. *, 


*4^ 


i-a# » 




sm. 






n.-. 


♦*4, 




^ m ■ * 


-♦^. * 


AJLd. 


4iTi . 




•*4» 


i - "* v^ ‘ n 




-• 




SI3i 






• . 


« i- . 




1 4A> 


•^.i 


W-X-i 




M.W 


WO.Ji 
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Table 3b, 
ifOtl SmOu 
DI/jaSTEH 

ToMue = 10 icoU rsounds 



Operator’s 


4 inoh 


5 inch 


TISHBO 


,647 


.536 


COJTSIi 


• 464 


.530 


ilUTOilT 


.500 


,452 


nai^vAH 


•803 


.499 




.673 


.606 


tlJDlVIJT 


.744 


,513 




.818 


.657 


HEFJUM 


.7,40 


.692 




.675 


.561 


95% Oonf, 
Lieita of 
keaa 


£.X10 


£.063 



7 inch 


10 inch 


14 inch 


.607 


.439 


.333 


.667 


• 495 


.401 


.432 


,354 


.396 


.606 


.819 


.575 


.435 


.543 


•440 


.634 


.527 


.477 


.436 


.475 


.620 


,622 


,637 


,&51 


.562 


.551 


.484 


£.076 


£.119 


£.079 



H 














/•4>1 ? 


M. 


U1L> 


Ir- . 


■«t*» 






•:*4 


» 


• ■»v 


49 1 


«c»« 




r>‘-. 


•#-, 




•to . 


-i^'4 


l»w < 




49. 


1 • . 






- '-, 


»«• . 


- >4 


tit. 


fta». 


if». 


M . 


V •. 4 


tZ4u 


J! *^ ^ 


^ f • 


3t? i. 

'3^-, 


Iti^ 

rrt^. 




•r 


fAT.V 












so 



Operator** 

Kacis 


Table 3o. 

oLC/.i^ ^ *Kii{ ^aCU 

DUKiSriiii 

Torque s 20 inch pounda 
4 inch 5 In oh 7 inch 


10 inch 


14 inch 


Ty.RBO 


.781 


.695 .018 


.624 


.611 


GOJTLd 


1.099 


,680 .787 


.640 


,509 


KSJTOHY 


.803 


1.011 .533 


.688 


.443 


FICiitiAK 


• 977 


,940 ,553 


• 4B9 


.635 


CH03JJE 


.770 


.846 .606 


.587 


.507 


Ll*iD;UI.7r 


• Bid 


.836 .596 


.848 


.606 


ADILaHiK} 


.992 


.604 .849 


.731 


.591 


aSFJU!^ 


2,106 


,998 ,647 




.752 


MMK 


1.0S3 


.869 ,673 


,629 


,532 


95,< Oonf. 
Lirsit of 
Sfean 


£.Jfe 


2^.105 £.103 


£.092 


£, 079 










MAA *4i • 


•t»» 




l‘ 


,S3JL1 


AliU. 


fcjc'.^t. 






li;«. 


Mf. 


i 


«I9 


' ^ - • 


*• 1 , 








r '->» 


»w. 


iiL«i 


0 UU, 


^ - 0 m 


■ H. 




C^f. 


rm . 


kgaaA% 


‘rfe,*^ 


«s > 


M. 


r;v-.. 


UjpO* 


bh:« 








rro^^U 


*«.• . 


tl«. 










T A ^ 

* 










1 

^ * rfc 




.i 




<. .3 
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Table M. 

.iLO.-iS ¥ 'XTJEJ rOR K.-.CH 
DI^KiTTKa 

Torqtue s 30 inch, pouinds 



Operator’s 

Kamo 


4 inch 


5 inch 


7 inch 


10 inch 


14 inch 


TIH30 




X«24& 


1.012 


1.040 


.671 


cojr&R 


— 


1.491 


1.144 


.790 


.840 


MEJTORf 




• 971 


.692 


.533 


.4B7 


FICHMAJS 


<M> <l» ■»(» 


.948 


.533 


.623 


.728 


CaOJSE 


1.407 


.977 


.938 


.557 


• 6sa 


I,P-.Dq.UI.iT 


— 


2.3S0 


.945 


.632 


. 726 


AOlLSliiG 


1.370 


.079 


1.037 


.752 


.704 


S'J'jrjM 


1*8E0 


1.172 


.910 


.876 


.073 


MEAH 


1*55£ 


1.209 


.901 


.730 


.712 


95,4 Oonf • 
limit of 
Kean 




£.1S3 


f.164 


£.140 


£.100 



IlOTHt Blenfcs in the table Indio ate teeke v?!ioh the operatora 
were physically \meblo to perforcs in & satisfactory 



aanner. 



il 









mlM 

If It » iMU 

litT , 

fitt • A«A» 

«^T« 

C. *• ^ ' $ % A 

#<rt. 

1 4 WJ?. 

*^-ii 



^ t 


^iJLl 


txi»l 


»9.S 


♦Ai.l 


i»4.X 


^€t . 


ts$. 




r!if. 




tf« . 


4^«» 




t«W*I 






mu 


JM. 


f«».X 




i^.3i 










0f:9€ni 

%. ( 



.%-«• stf 

y* 



.a ftitiiit .r/at 



• • 






«4«iir^ 
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Table 3«. 

iJLOrE FL:i S..CI1 KMEftiliiia. 

BIAJ4STSH 

Torque s 40 inch pouMs 



Operator’s 

ITair.e 


4 Inoh 


5 inch 


TERBO 


— 


1.340 


CCJTEH 


— 


1.370 


KkoTORY 


— 


1.072 


IlCFiM&H 


— 


1.454 


CSO 00 .E 


— 


i,40a 


LliNHqUlJT 




1.020 


ADELSSrr 


— 


1.035 


imFaWA 




1.822 






1.315 


95 $ Cosf. 
Liitiita of 
Moan 




£,£25 



7 inch 


10 inch 


14 inch 


.826 


.753 


.750 


1.564 


1.083 


.017 


.753 


.770 


.6^ 


. 74 a 


.756 


.611 


1.007 


,883 


.633 


1,050 


.629 


,825 


.924 


.835 


.643 


1.108 


.904 


.991 


1.000 


.857 


.746 


£.222 


£*090 


£.107 



B0T£j Slauks ia the table indicate tasks Yfoich the operators 
were physically unable to perform is a satisfactory 



jsanner. 






k 4. 



•\ 






mLil 


i^x a 


«4LJ 


jmu 




i 

*'«ii 












'f!m 


•iJ- 






W,I 


— ' *" 


e 




V • 




•TO*J 










A^t. 




*— •. 


?»> fon 



t* « 

A<A , 

A»^» 



t 






OW'.I 

»1 



.i 



* ’.--X 



exA.i 



0^0. ■ 



fi . ^ 



%d 

A «•# 



W.T A4 i .*i mXiiMS %i# lU 

# Itl ^ 0i 4^ n 
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Table 3f. 

JL0.18 f.XUIU EACH rMMmmSoL 







DUliSTER 










Torque 


s 50 inch 


pounds 






Operator’s 

liesie 


4 inch 


5 inch 


7 inch 


10 inch 


14 Inch 


TSilBO 


— II wi<i» 


«■»<■*«•» «»* 


.939 


.754 


.797 


CO ^£3 


— 


— 


1*543 


1.017 


.007 


WMOirr 




«• «Wi««l' <IM» 


•890 


*712 


,632 


FICI1«AH 






.920 


*074 


*728 


QjtO^JS 







1*304 


.730 


.733 


U-.'D^UXuT 


«» 




1*065 


1,043 


.740 


..DSL3^ 


*|r^ «a»*M 


— — 


1.038 


.850 


o*»o 




«a»4» w»*pi 


«*»«*<«» a* 


1,494 


1,035 


.604 


MEAN 






1.156 


*677 


.771 


95,i Gonf. 
Linit on 
JSeon 






£.215 


£.117 


£.064 



IICTE; Dlanka in th® table indioate tasks wtiicfe the operatora 
were physically unable to perform in a satisfactory 



mnner* 



u. 



^MSl 'Jb • >0irtV 



-lini *t 




fsasL^ 


cw«. 


■f Ifc • % 


•t*. 




l',J 




*« 


err. 


9 Hi. 


o "• 


»^%-. 


W. 


#r?- 


w . 




> 






- ♦ 


CTfl . 


Glbb>A 


iytK 








m , 


,x 


4 *^..1 


ui.i 





• #4f •Mil# 




Ii4 £XH M# s . • |VMr 

fjAiiM 



^ 4l 



Table 3g. 

aLOi'iC v..LUj£o Fca ShCu 
DL^MIjrSH 





Torque 


• 50 inch 


pounds 






Operator’s 

haise 


4 inch 


5 inch 


7 Inch 


10 inch 


14 inch 


TS®0 


— 


— 


a. 101 


.971 


.800 


C03TJSB 


««pk 


*•»«**<•»*«* 


1.309 


1*046 


.877 


NS3T0HT 


— 




1.145 


*058 


.609 


FIOKMAH 







1.211 


.914 


.730 


0S033S 




— 


1*413 


.668 


.897 




mu 


— 


1.093 


.806 


• 805 


ADLLBj^m 


— 


— 


.99E 


.024 


.807 








1*381 


1.1E4 


1.094 


MEAH 






1.341 


.902 


.037 


9Sj 4 Coaf. 
Liralt of 
>£«an 






j£» E86 


£.121 


£.104 



UOTSi Blanks in the table indicate tasks i«hlch hi© operators 
w«r© physically unable to porfora in a satisfactory 



Banner* 



mirnn 

Aiiil 



i*L 


=k: yj 


. •- * 






%ytmt 


fl 






«Ji». 






:■ 1. 


T^t . 


*^v . . 






»■ !,- 


X \ 


?•.* . 






•Jmwi '' 0<Ui it <• #' 

ioU^ ; *- 1 i 

— 

b — 

Ul*i — 

4IA.X 

ti>*i •— - 

f*v-^ 

— - 

♦■“•4 — 











fltmfMtft iMT »M«4 <*«i4 Ml ^ 

nmH'fmIt** ^ ..I Ml 4i«k»lr ^llMfUtQtt mm 






Table 4. 

3smrr«s.0’,»it 7AIUSJ Fca all 



ta:jk3 



iiA}imjtwsL DUKmms 



Torques 


^ inch 


5 inch 


7 inqfa 


10 inch 14 inch 


3 


in* lbs* 


• 420 


.436 


.418 


.439 


.442 


10 


in .lbs* 


.675 


.361 


*562 


.551 


.402 


20 


in* lbs* 


1*053 


.869 


• 673 


.629 


.532 


30 


in. lbs* 




1.E59 


*901 


.730 


.712 


40 


ln*lbs* 




1.316 


1*000 


• 657 


.740 


50 


in* lbs* 


— 




1.138 


.877 


.771 


ao 


in* lbs* 






1.341 


,902 


.037 








^5aoh value in Table 4 is 
by taking the arithmetic 
the correapondlns values 


arrived at 
average of 
for eight 



operators* 

nOTli Alaaica in ttM table irsiicat# tasks for wbioh tbe 
operators were piiysically imsble to perform in e 
satlsfeotory manner* 









(W fi 




ML2 


*a# 


A«A. 


•A#. 


Vplv 




AA«. 


Ma 


1 -*sr. 




Ail. 


Art. 


IM. 


Ifrf. 


f«9* 




it^ 


fTi» 


AAlai 




1 * ^ 4 


Ma 





«:41 






V^. 


%AT«a1 • 


iAi. 
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•«a^.iU •! 






At 


l^<i 
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«M2.#1 « 
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aesulto 



Th« data obtained for this exporiiaent indicates that 
with the exception of extrecely sraall tccque loads, the sysount 
of energy expended cratikiiig e headwheel deoressea as tho hand- 
wheel diameter is ineressed. ilowcver, tlis graphs of the data 
show a definite flattening out of the torque curves at the 
larger diameters* This would Indicate that, fer the torques 
investigated, the optiaoci diajneter is approximately tan inehea 
Dr* Ajndel and other investigators have indicated tliat the 
aaount of energy expended by an operator depends to a large 
extent upon the n-usold groups brought into use, the larger 
group requiring higher expenditure^. This phenomenon appears 
to be operative In this experiment. It would seem that the 
reduced energy expenditure resulting from the ins reusing 
aeohenioal advantage of the larger wheels (requiring reduced 
foiee application) gradually becomes balanced (and finally 
overcoisa) by t!» higher iKiergy oxp«iditure reqidred by the 
use of the larger muscle groups of tiio upper arms, shoulder 
and torso, The gradual rise of tiie lowest torque curve added 
weight to tld s supposition* 

The curves further iMicate that handwheels smaller 
than 7 inches in diameter should not bo used to overoone 

6* *.miDSL, M« , Motion and Time >3tudy . rinciples and 
/raetloe * p, 134, I rentToe-naXl , inc , , Kow xqtk , 1950. 
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torgu^s in «acce»a of ZO imh pounds {for eor.tinuous or hlgH 
fre-juanoy rep«titiT« operation), since to do so resj.lta 1;j 
a level of f*tlrue upon tiio opariito.r, Tfcis use drnuat- 

icmlly desscfietrated by tise inability of fcbe operators to 
complete the test raoa, using tbe stiller eheele, when torques 
in excess of BO inon pounds wore iaposed* It %>as mted th&t, 
for the torque rsnge betiseen 30 and dO inch pounds, the rate 
of deoreese of energy expe’idiVare wdtw. increased wneel else 
becoj»e« very s^ll. These break points Wi ich occur at the 
10 inch witeeX indicate that little is gained by increcslzig 
the wheel siae ’auch above this point. 

The analysis of variance of the data slx>w©d alg- 
nlfioanoe at the iS level for both wheels, torques, and 
wheels X torques, indie* ting that there was er.all probability 
that differences in the data could have occurred by chance. 

The intsraotions of wheels X operators and torques 4 opera- 
tors had ro statletioal significance at the 5^ level, I’Jii# 
lodicatee that these causative effects were negligible and 
in fact did not cause significant diffareaces in the slope 
values, however, the F test showed tlset the differeiioes 
bettffeen operotoi's was of oignifioeno# at tti® level of 
oonfideuce. Inis was to be expected and could have been 
ceuial by aiiy or all of aevsrai factors, soi» of the jeore 
probable being sine, etrength, rate of brsMtninji, Ksatel 
attitude and general condition of health of the operators* 



Ko attempt was isade to control th 9 behavior of the 
sub jests for the twenty-foiir hour period preceding the teat. 
There is little reason to doubt that the activities of the 
subjects for the period preceding the tests had some effect 
on tJie data. Fortunately, this effect did not appear to bo 
excessive and it is felt that it did little to impair the 
validity of the data. 

The analysis of variance teohniqua was used to 

ff 

avaluat® the slgnifiOBnce of the data . The analysis was 
coaplioated by tisj fact that tJiare were az^aa of missing 
data. It was found th&t the operators were physically in- 
capable of cranking the 4 inch diameter handwheel for the 
required time intorval, and at the required pace for torque 
loadings in excess of SO Inch pounds. A similar restriction 
was iaijiosed on the use of the 5 inch diameter liandwhcel for 
torques in excess of 4Q inch pounds. These areas of missing 
data precluded an analysis of the data as a whole. To solve 
t*.is ppoblen, the data was divided into two aeparat© groups 
and an analyaia of variaiice was ooi^ucted on each group. 

Croup I data eorpriseci ail the elope values for torques 3, 

10 and £0 inch pounds using all eight operators md ell five 
handwhoela. Group II data comprised the slope values for oil 
seven torq\ies, lining ail eight operators and handwheels of 

7. LIKDqCl JT, 1. F, , Gtatiati esl Atialy sia iR Mu catio^ 
Research, rp« 106-1'0'd' , lioiighion Uir riin Co. , Boston, 
7isP?ork, Cfcioaijo, Atlanta, Dallas, -jsn Francisco, 1940. 
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dlassaters 7, 10 and 14 i.noh«» respoctively. 'Bie coiaplet® 
Kiialysia of virianct is indicated in appendix a. The sloi)# 
Values are indioited in Tables 3a through 3g* 

The 03’S oonfi denoe limita for the asans of the 
eight operators on each teak were calculated lisiag student’s t. 
ISieae confidence lirsits are indicated in Tables 3a through 3g» 

Coaclusiona 

It jaay be concluded froa tlU,* experiment that, to 
overcome torques in the range investigated, and with operator 
energy expenditure as tlie criterion, the laiger dlaaster 
hsMwheels are tsore desirable. 

For the torque raage between 30 and dO inch pounds 
the optimrt diameter is at least ten imhes. 

For torques in excess of £0 inch pmmds, hand- 
wheels of emller diameter than seven Inches are unsuitable. 

It may be fiirther concluded the JanborM hI3 

>etabollsL Tester is a suitable device for nakiag neaauro- 
uents of bnimn ersercy oxpenditurs. at relatively high levels 
of perforrcuco. 




^1 — UNign ri> 

■f«i* •^l «• el i**e>liat ^ 4«u/iiv« Vi %lg^Um 

4frmaii w$ «1 §•#%• QA^J mt* 

«4«MI «# %J<Ai ^MtW« Mf 
•I vta»# dtflit p» #4^i« 

if el t9i%^hal 0 x 0 mtl^MJ Mnfll/%* msA 

V »f 1■itl^Tr> «ii^ Mlt MiltM fM •€ 
rtisl9^ .JbiiiiiMfU Mrr *1# ■< we«t«» 



i«t tPAl m 4i ««nMi»5aN#cb *<9 
«»«fiM ae&i <» % «m« 0t tmtmz wwi 
•U4t iu mm ill) wmm4. m/rm ammi* tilt— ■ ^ 
wn irMM Ml r^f n»^ «g w «i 

MTiM SDl »otm ^ ttfMT' 

Ul tt < lift #?>■<• » H —lpt l EI— Itt fit — 

- «l 




< 



31 




7mvm 2 




I 




a ^a«IL7 







FIGXJIIS 3 







FI’IUaS 4 



I 







34 






FIGUm 5 







I 



V 




S5 






til 









35 



Disousalon 

tlhe original Intention had been to use the baael 
t«sts *»s a ground itfel from which to esloulate the per cent 
increase of oxygen eossucption of eaoii test run over the no 
work condition. This idea was discarded after Inspection 
of the basal teste indicated that little x^ianee cordd be 
placed on their reliability. The basala not only varied 
widely between operators but theie was evidence of large 
randoc. vstriatloa within each operator. In addition, it was 
noted that in several instances the values fbr the basal 
tests were higher than souse of the lower level tasks. This 
was especially true of aeveral of the low torque runs on 
the ss.aller handwheels. There are two posaiblc explanations 
for t'lls pi^euoi^enon* First, Tllles has shown that the 
^Janbom ketabolator gives resell ts of low significance for 
light tasks kivolving finger acvejsjents of two or three 
inches.® Joooad, there is a definite possibility that an 
operator finds it ?gcre fatiguing to stand Emotionless for 
several lainutes than to perfom a very lig^Sit task. To 
avoid Introducing an addiUonal poseible source of error 
into the data, the basal testa weiw not used in the cal- 
culations. ,4 mm^lB wax chart and data sheet are included 
at the end of ^iis appendix as an example of the calcula- 
tions used for cc»«puting rate of oxygen ocn sumption elopes. 

8. TliJJlJ, JST.:C'aa, ’’An Investigation of the suitability of 
the Janborn ietabolism Tester to Basic k'otios ..*tudy 
hxperijaentation*’, faster of Ocience Thesis, urdus Uni- 
versity, Lafayette, Indiana, 1949, 
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A rectangular coordinate system was ifEpoaed upon the wax 
charts and the X and Y coord imte® of each peak of the 
saw tooth graph recorded* flia slope of the best straiglit 
line which could bo approxlnated was obtained from the 
following formila: 



whore b » slope of line on wax chart in Inches per Inch 
H s the ntJimbor of peaks of the saw toothed graph 
Xp Y z rectangular ooordinates of the peaks of the saw 
toothed graph. 

Oa the wax cimrta a line with a slop© of 1.000 
represents S54.5 cubic centimeters of oxygen per ainutc. 
Therefcre, the voliusie of oxygen oonsuaied par Bdnuto for a 
given task is readily calculated by multiplyias the 
appropriate slop© by 054.6. 




Cubic Ca. per ml nut© » b x 854.5 
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Analyaig of Yariaiaoo Oaloiilationa 

Gi?;oU.'- I /tMAlTJlS; This sroop comprtesa all the slope values 
for torques of 3, 10 sad £0 inch pounds, using eight opera- 
tors and five liaadwlieals* 



Table 5a. 



Operator 




il 






10** 


Ml 


TSHBOi 


T»3 in. lbs* 


.419 


.438 


.871 


.435 


.505 




T«10 « 


.647 


.536 


.607 


.499 


.3o3 




T.80 •• “ 


.781 


.095 


.812 


.624 


.611 


COJTSSj 


Ta3 in. lbs. 


.fiS8 


.416 


.337 


.259 


.318 




TslO « ” 


*464 


.530 


.607 


.495 


.401 




Ta£0 ” ” 


1.099 


.620 


.787 


• 640 


.509 




T»3 in, lbs. 


.334 


.330 


.337 


.392 


.330 




T*10 « »* 


.300 


♦ 45S 


.432 


.354 


.390 




faSO « « 


.803 


1.011 


.631 


,636 


• 44f3 


FICHMAII: 


T«3 in. lbs. 


.405 


.591 


,400 


.495 


.453 




T«10 « 


.803 


*499 


.606 


.819 


,575 




T»S0 « ” 


.977 


.940 


.553 


.429 


.635 


caoojKt 


T»3 in. lbs. 


.467 


.462 


.451 


.390 


.362 




Trio ” « 


.673 


.606 




.543 


• 440 




TssOO « « 


.770 


.048 


.606 


.537 


.507 


LII®q0l3T 


T*3 in.Xbe. 


.359 


.432 


.432 


.346 


.407 




Trio « « 


.744 


.513 


.634 


.527 


.477 




TxBO « « 


.816 


.036 


.596 


# &4rS 


.600 




T«3 in. lbs* 


.479 


.449 


.443 


.643 


.616 




T»10 « »* 


*018 


.607 


.490 


.475 


.020 




T*£0 »* « 


.990 


• 004 


•849 


.731 


.591 




Ts3 in. lbs. 


.606 


.349 


.485 


.575 


.535 




Trio « " 


.748 


,692 


.622 


.697 


.531 




TrSO *• ” 


S.186 


.998 


.647 


.731 


• 758 




r 


17.176 


14.926 


13.226 


* 12,952 


12.004 



anX) K 70.344 « T GT{X^)r47.3116S42 f 

wvO 



9>U -A» 09^^ -t «9*^ vIjU 'X w Ik 4 ^ 
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1 44 i'; V fly 


nfl?# «9»t 
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• * 
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»#•« 
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* «» 
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>•«.« . 




t 


&«? 
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• • 




1-jl » 
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• ' 9s#i 
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«M. • 


- 




^ ^ ^ 


^ m m m ^ 


#I.v. 


-.V.. 


t«f,, 




1^, 




ttkZ^X 
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W, 


^'“t* 


• • 




•Jb». 


ve. 


ic*. 


iiD.I 








m. 








ls3 


^mum 




Ci^. 






«n. 


* • (94f? 
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5f.«, 




m. 






*.♦ ^ •-« 

■f * ■- • 


C. 1^* 


:o^/ 
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^ ^ ^ ^ 
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^ ^ ,m*> 0t* 
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tt4». 


• - oX-r 
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«C«. 
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♦w. 
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‘ • M4i 






^1^ '' '1* 
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tfn. 
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- <* . J4Ti 




*■«, 
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4 ' t 
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- •* Umt 
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Table 5b. 






Opera tore 




11 




10” 


14” 


h. 


Ti>KB0 


1.847 


1.889 


1.890 


1.553 


1.449 


8.683 


gojtk;? 


1.751 


1.568 


1.791 


1.374 


1,228 


7.812 


tilJSQRX 


1.637 


1.793 


1.300 


1.434 


1.180 


7,344 


FICHia« 


E.185 


1.630 


1.559 


1.743 


1.663 


8,980 


CtJOuo^ 


1.910 


1.916 


1.492 


1.320 


1.309 


0.147 


UilDt^'iaE 


1.919 


1.781 


1.652 


1.421 


1.490 


8.263 


ADSLBiiQ 


£.287 


1.910 


1.780 


1.849 


1.827 


9.661 


EtFoTH 


3.540 


2.S39 


1.754 


£.053 


1 .668 


11.454 


tl 


17.176 


14*926 


13.226 12.952 


12.064 


70.344r 



IfOTSj Moh aell in Table 6b la T^. Talue tav eaob ia 

arrived at by aua®irc three torque vilues for eaob. 
wlseel- operator ooribinatioa la Table 5a. 



SSAlVLgi 


1.047 s .419 


/ .617 / .781 










Table So. 










TOHqOS3 








3 in.lbe. 


XO ItlleX^Se 


&G Xfle Xt)3# 


T 

*o 


TI2B0 


2,268 


2.673 


3.723 


6.6S3 


C03T1S 


1.600 


2,557 


3.655 


7, BIS 




1.729 


2,134 


3.481 


7.344 


fICEMH 


£.144 


3.302 


3.534 


a.9SQ 


caajjE 


£.132 


2,097 


3.318 


8,147 


X.Bi1>q6I.3T 


1,966 


2,893 


3.402 


a. £63 


ADiiLB^BS 


2,630 


3,066 


3,965 


9,661 


aSFSW 


2,750 


3.340 


^ 5 e ^5.4r 


11,454 


ft ^ 


17.239 


22.663 


30.442 


70.344e 



IJOTS; '&ach eell iii Table 5e is ?alue for eaeh l« 

arrived at by susariing five vfcoel values for each, 
torque-'operator oombikation in Table 



m:”Lo: E.ESS 3 ,419 ^ .450/ ,471 / ,435 / .505 
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Be.r 


i • *1. 




UfU 
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«i 
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V tr^ 1 


V/ r>4 -' 
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— )[ 1 
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^RiAAt 
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•▼4 « T4 
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AAitiir r* ftMlvM 
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fAA*« 
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CLJ 




mi,r 










*1 ^ A . ^ 


, * 




Wtlmm 




»• xml mmi^ 
«o 



.•i «*4^? 

trfrS 

u*.% 

«L? .* 
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«f KJ U 14>% 

I tfll 0 f# 



ki r*> 
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Tatji« ea. 
Toa^oi^ 



HnzsawJisels 


3 In* lbs* 


10 In .lbs. 


20 in.lbo. 


T 

IK 

17.176 


4« 


3*557 


5.397 


0.422 


5” 


3*4£39 


4.485 


6.95S 


14.926 


7« 


3.545 


4.499 


5.381 


13.226 


10” 


3.515 


4*409 


5.023 


12.958 


14” 




3.873 


4.659 


12,064 


*P . 

*t* 


17,239 


22.663 


30.442 


70.344 s T 









Table 


5e. 


F 


T3,^3 






It«m Joure© 
of Variation 


df. 


33 


kf^n 

Oquar© 


i^urc© 


^ob 




^*01 


A 


•tit©© Is 1-5 


4 


.681927 


.170482 


A/B 


9.10 


8.71 


4.07 


B 


Torques 1- 


3 S 


2.202099 


1.101049 


B/F 


53.14 


3.74 


6,51 


0 


Operators 

1-3 


7 


.776106 


.110872 




3.45 


2,08 


2.82 


D 


•heels X 
Torques 


8 


.391780 


.048973 


D/G 


1.98 


2.11 


2.84 


3 


•heels £ 
Operators 


28 


.524594 


.018973 


E/G 


.76 


1.77 


2.28 


1 


Torques x 
Operators 


14 


.290063 


.020719 


T/G 


.84 


2.23 


2.19 


G 


Error 

(»^x0) 


56 


1.409402 


.085163 










E 


Total 


119 


6.275971 


.052739 














£ 






.fj.-.H t 




»yjLt»t 


^H.4 




m«t 


n 


t •*■. , • i 


n\/rt 


tH.I 


MU 


n 


>t 


At%# 




Ml >1 


•»T 








trt.t 




•*i^ 






SJL 


••X 


A*iv *A't 


U>,CP 




s.s*.A«n 














««>4 r.i.f a»#ri« ^Ukif, 

tu9 » .1 #Mi ^Sic «ttiii^ia 



^ MU 



^ * A <i 



• I ^f.i t'4 



f4,« 44* A 



% KT *OU 









O MCMt. 







»v%?^ aNX 



k MMiM A 

t i^l w rnTimW t 
$ 



t-i 



It av< 



9 

« 




•IfMA.., CMe«f i 
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(K5 



U) 



(C) 



Total S3 = ^Xo^to 
S 47 ♦511024 
r 6*278971 





4i*S35553 



Wheels 

w 



»2 



- T 

1006.021920 
d 1|| 



s .601927 

C^srator JJ - T* 

o i5' XSS 

St 630*176384 

“~I5 

r .776106 



41.225633 



41.233653 



(X) 4|i«®ls s: 

Operators J3 » iMh Total - tlicels 3J -* Ope.rator« 03 

• 1,932627 - .181927 - .776108 
*524594 

iMh Total »^3 *q * Zlf®^ - 

= 222*519604 - 41.235653 

““^T“ 

s 3,260263 

(B) Torqm 4^ :: 

“lu W 

r 1737.510034 - 41,235653 


- 2,202099 



(?) Torque X Operators 5ub Total - Torque di - 

Operator S3 

S 3.263263 - 2.202099 - ,776106 
r ,290063 



sub Total *ki. 



2I«i*2 - 

tw * t^2^ ro 

350,091674 - 41,235653 

0 

s 3,275006 



u 









^ Uftrt iKJ 

* UW4.1# « 



l^nam^ r 




4:1. 






pi - - •A*«*i ui 

ski^^ “ 



VMIM, 



^ - 5fX3. 1*1 



3, ^ •••'%.# * i 

^liiT 

rr 



♦iUtvr, .. * * 



• tHtjm un 

«X X 




frtwf - . lAv - orc^tMlBb « (t* 

^^<►,1 - •m^tfB t 




/. - 
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(D) Torqu® x •h«el r Jub Total - Torqu« GJ 

- SS 

- 3.275306 - 2.20209S - .601927 

- .391780 

{(J) iSrror 58 » Total ^3 - {W33 T33 / 0o3 / W rT38) 

( / W X 083 r 5* 0^8 ) 

2 6.27S971 - (.681927 / S.2C2099 7 ^ .776106 ) 
(/ .391780 i .524594 / .290063) 

s 1.409402 




Kftyo« • 

iMt ^ ^ mlA iitr % Ml • I9 jljM • m wmf <il 

I iMsTSMsftvJ 

i MM. % ifWii I ■ ^ MMiif • Mcn.^ • 

^ mkITs mm* m 






• ii 




I 



t 4 «. 
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OUOUV II AislALYJluj Thia group cojcprisos slope values for 

seven tor eight operators and 
three handwheels • 

Table 0a • 

0PSRAT0R3* 



Toa. 




2 


3 


4 


5 


,6 


7 


8 


W 7” 3 


.471 


.337 


.337 


.400 


.451 


.422 


.443 


.485 


H 10 


.607 


,667 


.432 


.506 


•435 


.634 


.496 


.622 


S £0 


.eis 


.707 


.536 


,553 


.606 


.596 


.849 


.647 


S 30 


1.012 


1.144 


• 692 


.535 


.938 


.943 


1.037 


.910 


L 40 


.835 


1.564 


.753 


.740 


1.007 


1.050 


,924 


1.128 


3 &0 


.909 


1.545 


.890 


.920 


1.304 


1.065 


1.033 


1.494 


60 


2.101 


1.309 


1.145 


1,211 


1.413 


1.033 


.992 


1.381 


TOTALS 


Xs 40^422 


A 49 


,302920 










10" 3 


.435 


.£39 


.392 


.395 


,390 


• 346 


• 643 


.575 


10 


.499 


.495 


• 354 


.819 


.543 


.527 


.475 


.697 


20 


. 324 


.640 


♦ 606 


,429 


.587 


.540 


.731 


.781 


30 


1.040 


.790 


.569 


.023 


.557 


.632 


.75S 


.876 


40 


.753 


1.008 


.778 


• 760 


.003 


.629 


.055 


• 904 


50 


.754 


1.017 


.712 


.074 


.730 


1.043 


.850 


1.035 


60 


.971 


1.048 


•858 


.914 


.668 


.806 


.624 


1.124 


- I0TAL3_ _X_a_3j9.B77 


_ J 


30.839827 








14" 3 


,505 


.310 


.330 


.453 


.362 


.407 


.616 


,536 


10 


.363 


.401 


.396 


.575 


• 440 


.477 


.620 


• 5bl 


20 


.611 


.509 


,448 


.635 


.507 


.606 


.591 


.752 


30 


.671 


,am 


.4157 


.720 


.050 


.726 


♦ 704 


,873 


40 


.750 


.817 


.096 


.611 


.635 


.825 


.643 


,991 


50 


.797 


.807 


.032 


,728 


.736 


.748 


.832 


,ai4 


60 


.600 


.877 


,m9 


.730 


.097 


,005 


l.riO? 


l.ooe 
















QT{2) 


X 124 < 


,809 = T 


; GT(S^) 


s 105, 


808653 







w,t,o wto 



* Beoauae of space ilaltationa it was necessary to assign 
nuabera to tt- © operators. The o per Stars ere numbered 
at the top of Table 6a in the ssuse £eg.uonoe as the/ were 
presented in the previous tables* 
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Table 0b. 





y » 


10" 


14" 


T 

ia 


1 


0.888 


5.070 


4.517 


16.431 


s 


7.433 


5.315 


4.577 


17.326 


3 


4. 70S 


4.351 


3.030 


18.822 


4 


4.973 


4.9SS 


4.460 


14.3^ 


5 


0 .154 


4.35B 


4.233 


14.746 


0 


5.003 


4.733 


4.594 


15.130 


7 


5.77® 


5,130 


4,813 


15.722 


8 


6,067 


5, 998 


6.710 


ia.3S9 




46,482 


39.077 


36.690 


124.889 



rOTSt 



Eaoli eeil in Table 0b Is T^. Value for eaoh 
cell ia arrl’^red at by suaiKilisg seven etieel 
values fcr esoh torque-operator eonbination 
in Table Sa^ 



- *p 



mkmiMi a. see » .4?i / .337 / .337 / ,400 / .451 

/ .4a^ i .443 / .465 

Table 0e. 
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lbs. 
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lbs. 


„ ^0 
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1 


1.4U 
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.439 


2.047 


2.723 


2. 


339 


£. 


540 


3,072 


,*.w3w. 

16.421 


I 


z 


.894 


1 


,S^3 


1.930 


2.7D2 


s. 


409 


3. 


3S9 


3.312 


17.326 


I 


3 


1.006 


1 


.188 


1,672 


1.748 


£• 


£S9 


2, 


234 


2.692 


1£,62B 


H 


4 


l.S^tS* 


2 


.000 


1.617 


1.866 


2. 


127 


2. 


582 


2.056 


14.055 


k 


6 


1.203 


1 


.418 


1.700 


2.153 


2. 


523 


a. 


770 


2,978 


14.745 


T 


0 


1.175 


1 


.636 


1,730 


2,301 


2. 


704 


2. 


850 


2, 70S 


16.130 


0 


7 


1.702 


1 


*691 


2.171 


£.493 


£. 


482 


2. 


720 


£.023 


16.722 


a 
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1.395 




.tm 


a.iao 


B.069 




023 


3. 




3.699 


18.369 






W.393 


12,781 


1^073 


18.745 




mg 


£8. 




24.637 


184.809 



■IOTs .5 &ch cell in Table 0c is Value for each coil is 

arrived ct by susming t )toe.e t^hoel values for each 
torque-wheal cojsbinatlon ia fable 6a* 
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Table 6d* 



T0F4ySJ 



w 


3 in. 


10 in. 


20 in. 


, 30 in. 


40 in. 


. 50 In. 


60 in. 
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Iba. 


lbs. 


X^Se 


Xbs • 


lbe« 




lbs. 


m 
* w 
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X 7« 


3.346 


4.499 


5.386 


7.211 


8,010 


9.245 


10.725 


43 .4£2 


L 10” 


3.515 


4.409 


5.028 


5.839 


6,850 


7.015 


7,213 


39.877 


8 14” 


3.53E 


3*373 


4.659 


5.695 


5. 9 S3 


6.164 


6.699 


36,590 


V 


10.393 


1£.781 

1 aiitf <a »e* 


15.073 


10.745 


£0.036 


2£.4£4 _ 


24.637 


124.889 



JIOTlSs r^ch cell in Table 6d is T<^* Yaltio for each 

cell is arriiped at hf suauRing ai ^lit opei’ator values 
for eao«i torque-wheel cojsbinatTcH” In Table 6a, 



MAUiLEi 5.346 e ,4?1 i .33? / .337 / .400 / .451 

/ ,4Sg i .443 i .435 



Table 6e, 
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S. 904787 


1.150798 


B/F 
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a, 32 
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(E) 



fotal 






105*@02053 - 92*840547 
12,961006 



.!ub t stsl 5 ^ 

16d 

z 95,614228 - 92,040647 
r 2.773331 



(A) ^<]i«els M 



,a® - T® 

%M|’ - :.. - - 

si ^ 



« 95.173095 - 92.040047 
Z 1*332240 

iO) Operator 5j x f5r| - 

M ^ 

z 95,667043 - 92,340847 
r 1,026198 



(S) Wheals X 

Operators S3 « Oat Total * t'heels 33 - Operators 

s £,773361 - 1,332848 - 1.08690 
S .414935 



uuh Total X 





s 101,467502 
2 8.686655 



(B) Torque 03 5 ^T? * 

t t ^ 



98.640847 
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m 
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0) X 

a hjuS T'O'fcal - 

s • 6.904787 •* X. 532 E 4 B 

« 1.00S360 

iS) iSrroy .^. s to Mi ^3 - (A / B / C / 0 / S / f) 

s xa.msoe ~ xi.miss 
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SLOPE CALCUUTION 
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CHART VALUES 
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,E ABOVE SCALE FOR VITAL CAPACITY VOLUMES OR METAROLISM VOLUMES WITHOUT CORRECTIONS FOR WATER VAPOR AND TEMPERATURE AS EMBODIED IN THE CHART GRADUATIONS 
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JUGG2bXI0ri^ 

Couroeg of Srror 

Although th« data of thi® expartEoat g*irt «ta- 
tlstioally Talid rasalts, oertalo variobleo did mt land 
thoBoalvM to eloae control, and «acb of those tarijiblea 
contributed in soiae dogroo to the total nooujsulatod error 
in each tost value, Jono of tho mere inportaat of thoao 
error sources or© listed below, together with e saggonted 
remedy* 

1* Individual differences in the opera tor-a 
took various forms. Variations between 
the activities of operators for the 
twenty*»four hours preceding the testa, 
variations in siontal attitude (Influeneed 
by personal problems), variations in also, 
strength, a^^e and health and, most laipor** 
taut, variations in norsaal rate «sid depth 
of respiration, all had eone effect upon 
the data. A striking example of the 
variations in rate md depth of r eapiratioa 
is demonstrated by ooaporison of the data 
for Hakon Kefsum end J^oaeph Nestory. £lefsuei*s 
average rate of respiration on the basal teste 
was seven inhalation-exhalation cycles per 
minute. i*’«story*s respiration rate on the same 
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tests was twenty cycles per jRiimte. Tlie 
rates were approxissetely constant from day 
to day. A closely controlled ©rporlment iix 
which operators of approxisaately the same 
recpiratory rate and vi^ose activities were 
supervised for the twenty~four hour period 
preceding the tests might, to some extent, 
eliminate this source of error. 

S. It was noted that the instant ©f transfer of 
the operator from ambient air to pure oxygen 
had an influence upon tie rate at waich oxygen 
was expended frosts the spirometer bell. >hen 
the two-way valve was thrown at the bi^iimlng 
inhalation , the operator* s lungs, on the 
first breath, were filled with pure oxygen, and 
the products of respiration consisted of Og, 

COg and HgO, the latter two products being 
absorbed in the metabolime. .hon the v*.lve 
was thrown at tits beginning of exhalatio n, 
the products of respiration consisted of 
%» COg and EgO. v»inos the Ilg was not absorbed 
by the mstaboliae, it remained in the closed 
system formed by the opei*utor oM the spiro- 
Qoter bell, and subsequently reduced the rate 
at which the contents of the bell we.t'-e expended , 
having a net effect of decreasing tlie observed 









mm tiHrnUm tM 

mjmi «0 %m mummm* 

*tmm M M 0tmm imt •# » ) »■>■» 







» wJ JUJUtUlitk ** ^ 

if« 4<M mil** 4KA 

4*t» «fWMk« m miM «fl iV* 

•mm «*\%# Ktwii ><w tS< n U*» 

^ «***M^«« <• •« 

^ ■■ pl4*«lll» ««*MM W* 

m *u^ it,* »m,y* ^ 

$mtU m NilAM •! il^ 




I f«rfl» JM ^ 



54 



oxyso^i consoflipfcion rate elope. It is strongly 
rsocfflOKonded that future rosearchors take this 
phsaojaenon into aeoouat md avoid t-iis aouroe 
of enror by tl'alng the trarisfor to puro oxygen 
so that the transfer occurs at the beginning 
of an Inhalation. This aiioiild eliminate the 
entrance of nitrogen into the systSK. 

3* The capacity of the spiroeeter bell ess in- 
siiTfloient for a coia^lote two-ednute run at 
the higher levels of activity. In several 
instances, the bell ms alscst nrhclly evac- 
uated within one and a half rdnute*. This 
enforced the calc ulet ion of slope values 
uslr^ the fewer peeke on the wax chart, and 
it is probable that soe» error was introduced 
because of this. 

4. Irregularities la respiration, such as ex~ 
oeosively long or short breaths, caused high 
or low peaks on the saw tooth graphs end 
introduced inacsourecies in the oaiculstion of 
the true slopes. TMs was particularly notice- 
able at the higlier levels of perferaanoe when 

I 

the operators were required to exert rel-^tlvely 
largo forces to keep pace with tlio rsetronoase* 
Discussion of tisis phenosenon with the operators 
tended to reduce the effect to coaie degree, 
however, it is felt that this vill always be a 
source of error in ©xperiioents of tids ftet’ure. 
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<a:T?erla»ntaX Tlr.n >^ e cg^ Ireigents 

X*iated below la an approziaate braakdtma of tlw 
tisa spent in getting the data for thio thesis. 

Conatruotion and aasenbly of apparstiis. . . * .80 hr#» 
i reparation end conduction of teat run6.,,.5d hrs. 



Calculation of slopes. .....140 hrs. 

...tatistieal analysis,. . .£0 hra. 

Total. •* .•••206 hra. 



It is apparent that excoaslve tljoe was roquirad 
for the osloulatloa of the slopes. slope calculation 

Involved detaraining and reccrdixig tie rectifineiJt3.sr coordinates 
for a saw tooth graph and then by the method of least squares 
determining the slope of the lirje of best fit. This pro- 
cedure, which took approximately 2k) minutes per graph, i» ©o 
tedious as to preclude the use of the equipment to gather 
large quantities of basic soticai data, halberstadt has 
indicated tJ^iet the tijse spent for conversion of the raw data 
to slope values may be greatly reduced by the use of an Ilfc 
systee oontaiaiag IB*C Calculator, IB.* Ihiplioating oumawry 
;*onch and an XB.V punched card system^. It ia felt that the 
work of any Iznrestigator, posseasirg e uf Sclent recvianloel 
ability to construct such an IB«f aystea, would be a considerable 
eontribution to the field of swtabolisa •xperijaentation. 

9* H.AlB*t:jTAOT , limn I,, Detcrmlmt ion of the Optimum Angle 
for a -ork Area by feeans of .-etabcllc f.casurerjents, i luo 
Inetruxentation, 'iaster of ...oience Thesis, urdue Uni- 
versity, Lafayette, Indiana, 1950* 






Mi Up 




I) 



^ ^ ^ <Ji’^ »1 ^«%« MU# 

♦ 

..— «#•••• «fi * ^ iimmts to 

f */i*»i«i firw ** M4f|i|ii"-M IM 

C?* ^^*i«|»|«| r|>t** I'*'* ^ 

,i^9bc. *»••(■•♦ ‘i"^. »p4 ♦ • » % •A^4&4#4 

^ ’WJiJ 

*#U» w • . . I I 

9m ut^ •• alf '• • 99^99 

•<4i i •.< M •«! 9ii «i| 



i«aa^ • jm %»m 9m» .* if >t *«ill«f^ 

MM«J^ ««AAi :» laM** ■br t4 Of«S( 1«4» • lift 

I '*• ifig 

0* %A •W' pi \i^*«aiA>^p^P * ..^ •>« ^ tlipj 

M « •«> » • ^ •» •••«4i*# 

Mil PA|#^U »AUI»* • ***^ > ^ 9*». 



^b »A )0 IMP PPC !• ^ 

^Mpm 49 -*~i •% ••• •• 

«p| f^'« -i : i. • p« IMV<» r% »«’ « ^4 ilftiT 



«•« •€S|||^^^4MMPPen >:pi r I ^ 

• f 4M« * ^ w na It IMP * I. -I ««IIUp 

,, ;i » «.-^“ tA m*4i *4 1?* er^^Omm^ 




mr^* tt\ »» 

1L# ♦ • • p - - — • 

u ui00^ «4vu» 






I 



BzntX'jaiikrkij 



flVLhS^t **An Investigatioa of t -suitability of 

the wanbora i!X^ *‘et«bollcj 2 Tester tcv 3aaic *‘3tioji .-.tudy 
Ji^perimentatloa**, :“aat«r of Jcienoe Tiaesis, -'urduo Dai- 
▼srsity, Lafayette, IMiana, 1949, 

B2iL, lOhlif **Detsrciination of the cffeot of lerfomiag a 
viiisple Tasic over a -rolonged loriod on th© «.ate of x.nergy 
2bcpeaditur»”, ..aster of -sOlence Thesis, urdue 'jaiversity, 
Lafayette, Indiana, I960, 

7!HS30r, T, J, , ”A '‘Otabollo Investigation of -ne~^'»ided 
Versus T‘#>o-Iianded tork”, faster of K.oienca thtsls, urdu# 
University, Lafayette, Indiana, 19S1. 

IHOCD, T* F, , "The Deter;aimtlon by - eans of netabollc 
i;oasuro)oent« of the Tlxo Allowances to b« Included .•ICiin 
w^tanderd .iates for JoIdb Jartlaliy CotitroHed by k'aehln®*, 
faster of ucianoe Ti^esla, Purdue university, Lafayette, 
Indiana, 1951. 

UOIvDaL , i. , A. , Motion and Tire 3tud? ' rlralples and "raotioo . 
I rent ice-nail, irio, , 'i-lew York^ IWu* — — 

LIhD 4 'JIJI', K, F., -^tatiatioal Asalyais in f.du oational 
Heaen roh . Loughton“TTf2rin'’^S£pany, iJcTllas, Jan fran ei sco , 

LxLii.-jy?/kDT, LuiSt J. Deter ai net ion of the OptlEiu® Angle 
for a '>orlc Area by . aans of *A«tabolic t^e&isiiT»mnta, . ius 
Instrumentation*, Uastor of aelonce Thesis, ,urdue Uni- 
versity, Lafayette, IiTdiane, I960. 

A»rah% H * , and COLTOH, R, H. , Tables for >tatlaticlar.s . 

Taras® a, ?ioble, Xno., Kew York 'i9o0. 









41 

%* • 



I 



i»* V*.' 




ts(r^ tPM fi iii>iA. 






%* — 






% 



«c? 



f 



• «A top^l 1% »^W4 , Ill < n i «o«l»< 

in r^a^ i 



feil - W^A.im* if «•(*« v«Y Y. r "iinnMiB 

^ trrK tmfif ft 

«*I4« V w4iai 

>A«ti 



« 



^ i#fi#<L. ^4#i i^ ^ tAi^ 

•^^f' ••toi 



- .-Mm 




i|B maair. ^1 «c . , y i^_^ .iLijaaiAXM 

fc»> |5M| #i-v ^ imI 080# s \cl 

^ ,4 Mp-. rZT$^jSLez^ 

<••0 , ■ **tJ tiflavaT 

•£ai mui ^ «mu 

JW- , • ^ «r^ i^*a^ . lavatf* 



S7 



ut x.i'ro.’a 



.. CJ., ’’Design and layout of iquij:»«nt” , 

(L ondo n j . ^otco^'Sr XO, XSSI, Voi. 7S, pp, Su4-6oS. 

TOi-ft, i.« 0., ’^'' achioe Tool Troiisalsslon and Cos- 

trols", I -aa^d no yy ( London ) . JTetJxniar'y iU, 1931, Vol* 7a, 
pp. S7S-L^C 

L. L. , ”-aaual Controls”, iTjBc:iine Ded.ca « jepte»ber, 
1949, Vol. ^1, pp. 1S7~X;K), “■ 

kA'aO.jf jAMiL* &,, ”The Bfrcot of > raise arid ^coprimnd 'm 
•orkera* Saer^y Ixpenditure” , ^-'-ast«.r of <iOienc® ihesis, 
i^urdus JXiiteraity, Lafayette, Indiana, 1951« 

JUKfAOM, D*, **Th» Effect of S^aeio oa tlse aetabolio dmte 
of ♦workers*’, i<a«ter of ^icaoe Tiicsis, *urdue University, 
Lafayette, Xadiant, 1951, 

SSCThOnT, a* D, , A Textbook of Ihraiology . C. V. '-osby 
Co., wt. ijOuiSf •TesourTT'X^BS’** 



kf 



»ia*» ■ H 



* — - ..Jl Jl 



|•3.5itl .HJ.m.-** ■,- ••* ii;» ■r‘ 

• •*t*»M/ ^.•' 4I* •2*‘* 



,*i%ir* r-mi^ >; irM, «%^%i|rm pi^ 






4 iii) • 



V 









• V 4# 



r 'I* 



»T ,1 i^ft^bioiili •• 

• Cvl ^H,l*M 







f 



I 

1 



18035 



Thesis 

F 38 Fictjnan 

Th- affect of diameter 
on the effort required to 
rotate handwheels... 



Thesis 18035 



The effect of diameter on 
the effort required to rotate 
hand’.. heels used as cranhs. 

■— r; Pui'due. 1'^'52. 

Kaval Postgraduate School 
Monterey, Calil'oniia 



